We study leading string corrections to the type IIB supergravity solution dual to the N = 1 supersymmetric SU (N + M ) × SU (N ) gauge theory coupled to bifundamental chiral superfields A i , B j , i, j = 1, 2. This solution was found in hep-th/0007191, and its asymptotic form describing logarithmic RG flow was constructed in hep-th/0002159. The leading tree-level string correction to the type IIB string effective action is represented by the invariant of the form α ′3 (R 4 + ...). Since the background contains 3-form field strengths, we need to know parts of this invariant that depend on them. By analyzing the 5-point superstring scattering amplitudes we show that only a few specific R 3 (H 3 ) 2 and R 3 (F 3 ) 2 terms are present in the effective action. Their contribution to the holographic RG flow turns out to be of the same order as of the R 4 terms. This fact is crucial for finding agreement between the α ′ -corrected radial dependence of the supergravity fields and the RG flow dictated by the NSVZ beta functions in field theory. The agreement with field theory requires that the anomalous dimension of the operators Tr(A i B j ) is corrected by a term of order (M/N ) 4 λ −1/2 from its value − 1 2 found for M = 0 (λ is the appropriate 't Hooft coupling).
Introduction
Investigations of D-branes on conifolds have produced interesting examples of gauge/string duality with N = 1 supersymmetry. The first case to be considered involves a large number N of D3-branes placed at the singularity of the conifold, which is a Calabi-Yau cone described by the equation This duality may be generalized by adding M fractional D3-branes (wrapped D5-branes) to the N regular D3-branes at the apex of the conifold [3, 4] . The SU (N + M ) × SU (N ) gauge theory on such a stack is dual to a more complicated solution of type IIB supergravity [5, 6] . As was realized in [6] , in order to consistently extend the original singular solution of [5] to the small radius (IR) region, it is necessary to deform the conifold:
The presence of fractional branes destroys conformal invariance, and this N = 1 gauge theory exhibits an intricate pattern of RG flows. The inverse-squared gauge couplings 1/g 2 1 and 1/g 2 2 flow logarithmically in opposite directions until the coupling of the bigger gauge group diverges. To continue past this point it is necessary to apply Seiberg duality to the bigger gauge group [6] . This transformation maps the original gauge theory to essentially the same theory with N replaced by N − M . After this, the pattern of the flow repeats itself. Thus, the RG flow involves a series of duality transformations. At the bottom of this duality cascade one finds a gauge theory which exhibits chiral symmetry breaking and confinement [6] .
All these features of the RG flow are nicely encoded in the dual supergravity background. In the UV (for large radius) one finds a logarithmic flow of 1/g 2 1 − 1/g 2 2 [4, 5] . In fact, it was recently shown that the coefficient of the logarithm found in supergravity agrees exactly with the prediction of field theoretic NSVZ [7] beta functions [8] . The reduction in the rank of the gauge group due to repeated cascade steps is reflected in the radial dependence of the 5-form flux [5] . In the IR the cascade is terminated by the deformation of the conifold which is responsible for the chiral symmetry breaking and confinement [6] .
In this paper we examine modifications of the supergravity solutions found in [1, 5, 6] by the leading stringy effects encoded in the O(α ′3 ) corrections to the effective action. The paper has the following structure. In section 2 we examine the structure of the O(α ′3 )
terms in the type IIB string effective action. We pay special attention to terms that depend on the 3-form field strength. In particular, we show that certain R 3 (H 3 ) 2 terms (R is the curvature and H 3 is the NS-NS 3-form), which were expected to be present in earlier literature, do not appear. The R 3 (H 3 ) 2 terms that do appear in the action turn out to contribute at the same order as the R 4 terms when evaluated on the KT [5] solution.
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The necessary 5-point amplitude (Green-Schwarz light-cone gauge) calculation is delegated to Appendix A.
In section 3 we show that the α ′3 correction does not modify the AdS 5 × T 1,1 background. This is in line with expectations from the AdS/CFT correspondence [10, 11, 12] :
the dual SU (N ) × SU (N ) gauge theory is conformal for all values of N and for all values of the gauge couplings. Thus, the radius of AdS 5 × T 1,1 , which is related to g s N , must be a free parameter (a modulus of CFT) not only in the supergravity approximation but also in the full string theoretic treatment.
In section 4 we recall the structure of the supergravity solution [5] describing logarithmic RG flow in the dual SU (N + M ) × SU (N ) gauge theory, and review its comparison with the NSVZ β-functions. In section 5 we study the α ′3 corrections to this solution (their detailed analysis is presented in Appendix B). In contrast to the AdS 5 ×T 1,1 case, here the corrections modify the form of the solution. In particular, the dilaton, which was constant in the supergravity solution, acquires radial dependence due to the stringy effects. This translates into the RG flow of the sum of inverse-square couplings 1/g
From the field theory point of view, this running is due to a correction to the anomalous dimension of the operator Tr(A i B j ). For M = 0 this anomalous dimension is equal to −1/2 [1] but turning on M is expected to correct it by an even power of M/N [6] . We will see that, for M ≪ N , string theory predicts that this correction is of order In this section we recall the structure of α ′3 corrections to type IIB effective action.
The classical type IIB supergravity action in the normalizations we use has the following form
Here κ = 8π 7/2 g s α ′2 is the gravitational constant, φ is the dilaton, C 0 is the R-R scalar,
is the R-R 3-form, and F 5 is the R-R self-dual 5-form. The leading α ′ corrections to the tree-level IIB string effective action implied by the structure of the Green-Schwarz 4-point massless string scattering amplitude in the NS-NS sector (i.e. depending on the metric, dilaton and the 2-form B 2 )
can be written as [13, 14] 
where c 1 = ζ(3)
3·2 11 and
Here C hmnk is the Weyl tensor, ǫ 10 is the totally antisymmetric symbol (we use Minkowski notation for the metric, so that ǫ 10 ǫ 10 = −10!), and the tensor t 8 is defined in [15] (it involves only δ-symbols but not ǫ 8 ).
A few important clarifications are in order. The 4-point on-shell string scattering amplitude determines only terms of 4-th order in expansion of (2.2) near flat space (and modulo equation of motion terms not visible in on-shell amplitude). In particular, the ǫ 10 ǫ 10 structure whose expansion starts with terms of 5-th order in the fields is not fixed by it. Fortunately, complementary information is provided [16] by the known 4-loop sigma model beta function [17] that allows us to restore the covariant non-linear form of the R 4 correction to the action (see also [18] ). However, the sigma model calculation [17] was carried out only for B 2 = 0 2 and shed no light on the H-dependent terms. In Appendix A we extract new information about such terms from the 5-point amplitude for antisymmetric tensors and gravitons.
As follows from [16] , there exists a scheme in which the metric and dilaton dependent terms in the O(α ′3 ) action written in the string frame are given by
The terms linear in the second derivative of the dilaton in (2.3) may then be understood as originating from conformal transformation to the Einstein frame G mn = e φ/2 g mn .
Due to the field redefinition ambiguity [23, 13] , we can assume that all the terms in (2.2) depend only on the Weyl tensor, and there is no explicit dependence on the Ricci tensor. Only such a choice of the α ′3 corrections is directly compatible with the AdS/CFT correspondence (see also [24, 25] ).
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Ignoring the derivatives of the dilaton and the 3-form, eq. (2.2) may be written as
To obtain (2.8) one should use the well-known symmetries of the Weyl tensor. The tensor ∇H in (2.4) does not possess all of these symmetries, in particular, it is antisymmetric under the interchange of the first and second pairs of indices: (∇H) ijkl = − (∇H) klij . For this reason, a priori we are not allowed to use (2.8) with C → C if the NS-NS 2-form does not vanish.
As follows from world-sheet parity considerations, the NS-NS part of tree-level type II string effective action must be even in B 2 ; in particular, it should not contain terms linear 2 The generalization of the 4-loop beta function computation of [17] to the B 2 = 0 case is very complicated and was not done so far in full (see [19, 20] for some partial results). 3 For some useful relations between R 4 invariants see [21, 22] . 4 Introducing Ricci-tensor dependent terms would imply that one would need a compensating field redefinition, i.e. a change of a scheme.
in H 3 = dB 2 . which depends on all of the type IIB massless bosonic fields except the 5-form was proposed in [26] . In particular, to account for the contribution of F 3 one can just add to the C in 9) obtained from the ∇H term in (2.3) by the change φ → −φ, H → g s F . We shall not explicitly include the terms depending on C 0 in the effective action: the action (2.1) is quadratic in C 0 , 6 and C 0 is trivial for the backgrounds [1, 5] we are studying; therefore, C 0 -dependent terms cannot affect the equations of motion for other fields.
The quartic effective action may also contain terms dependent on F 5 , e.g.,
, which are not known at present. In what follows we will assume that such terms do not change the form of the leading corrections to the backgrounds we are studying.
The 8-derivative term in the effective action may contain also other non-linear structures that contribute to the S-matrix only starting at the 5-point or higher level. In particular, it was conjectured in [26] that there are the 5-point R 3 H 2 terms of the form
where
effectively replaces one of the four factors of R ijkl in the R 4 term. As we will show in Appendix A, these particular terms are actually absent from the effective action. This 5 The hhhB 2 4-point amplitude corresponding to (2.2) indeed vanishes. 6 The leading-order (supergravity) C 0 H 3 · F 3 term vanishes on the backgrounds of [1, 5] .
is an important consequence of the supersymmetry of the theory. There is, nevertheless, the term of the form (2.10) with H 2 3 (2.11) replaced by a different contraction of the two H-tensors
This term was found as a contribution to the 1-loop string effective action using the covariant NSR formalism in [9] , and its presence is demonstrated through a light-cone gauge calculation in Appendix A.
We shall analyze the background values of the α ′3 correction terms in the NS-NS sector in Appendix B, and show that all of them behave in accord with the conjectured duality between the supergravity background of [5, 6] and the SU (N + M ) × SU (N ) gauge theory.
Absence of corrections to AdS
In this section we study the AdS 5 × T 1,1 background of type IIB supergravity [27, 1] , which has constant dilaton and the metric given by 
while the 3-forms are not turned on. To investigate possible leading higher derivative corrections to this background it is sufficient to analyze the terms of the form
in the effective action (2.2). As was explained in the previous section, all other terms, containing, e.g., the 3-form field strengths H 3 and F 3 , are at least quadratic in the fields, and they cannot affect the equations of motion in leading-order perturbation theory. There are good reasons to believe that the conifold corresponds to an exact 2-d CFT,
i.e. in contrast to generic CY spaces [29] it survives all α ′ corrections without deformation of its metric. Evidence for this is provided by the linear sigma model formulation which defines the conifold as an exact tree level string background [30] . Equipped with the explicit form of the leading higher-derivative correction to the effective action we can check a weaker statement: that the conifold survives a leading order perturbation in α ′ . We have already mentioned that W vanishes when evaluated on this background. It only remains to check that the same is true for δW/δg mn , so that the Einstein equation continues to be satisfied in leading order perturbation theory. We have checked by a computer calculation that this is indeed true. A related statement is that the E 6 = ǫ 6 ǫ 6 RRR (6-d Euler density) correction [17, 31] to the Kahler potential (and also to the dilaton) of the N = 2 sigma model for the conifold vanishes as well. Interestingly, this is no longer the case for the resolved and deformed conifolds. 
4 depends only on the Weyl tensor (because of the identity γ mnk θθγ mnl θ ≡ 0) and is proportional to W . 8 While W still vanishes for the resolved and deformed conifolds, its variation and cubic E 6 invariant do not, implying that the metric and dilaton receive α ′3 -corrections. One heuristic argument indicating why the singular conifold is not deformed by α ′ -corrections is based on the fact that the corresponding constrained sigma model
+fermions (here i = 1, ..., 4 and Λ is Lagrange multiplier field) has no intrinsic scale, i.e. is homogeneous and quadratic in z i . Thus the dependence on α ′ can be absorbed into
tensor vanishes separately [24] . 9 In the present AdS 5 × T 1,1 case, the Weyl tensor is non-vanishing so that the direct confirmation of δW/δg mn = 0 was necessary.
This conclusion is quite important from the point of view of the AdS/CFT correspon- 
If W were non-vanishing, then it would induce a radial variation of the dilaton which would have to be interpreted as being due to a non-vanishing beta function in the field theory. This would be in conflict with the vanishing of NSVZ beta functions for both gauge couplings. Thus, the fact that the AdS 5 × T 1,1 background survives the leading Proving this is quite a challenge. Perhaps the vanishing of all α ′ corrections for this metric is related to the ability to Weyl rescale it to the direct product (3.2) of R 3,1 and the conifold and use the fact that the conifold is an exact solution of string theory, as well as to the supersymmetry (with eight supercharges) of this background [27] .
Fractional 3-branes on the conifold and RG flow of couplings
In this section we proceed to the more complicated case of the cascading theory [5, 6] which, at the bottom of the cascade, has gauge group
For N = 0 the gravity dual of this theory is given by the solution of [6] , while for N > 0 it is represented by an appropriate generalization which includes N additional D3-branes on the deformed conifold. In practice, we will only consider the asymptotic UV (large radius)
form of these backgrounds derived in [5] ; this asymptotic form encodes the logarithmic RG flow that may be compared with the NSVZ beta functions of the gauge theory.
9 A different argument for stability of AdS 5 × S 5 based on its maximal supersymmetry was suggested in [32] .
First we review the solution of [5] , complete with the normalization factors supplied in [8] . The 10-d metric is
The 5-form is given by
3)
The 3-form field strengths are determined by
where ω 2 and ω 3 are the harmonic forms on T 1,1 given in [8] . This background [5] provides a nice illustration of the distinction between the gauge-invariant but not localized and not quantized charge defined by the generalized field strength,
and the quantized charge
The latter is the analog of the Page charge (see, e.g., [33] ). It is quantized because a probe D3-brane couples directly to C 4 ; however, it is not invariant under the global gauge transformations of B 2 -it is defined modulo integer shifts, N → N + kM . This is a reflection of the duality cascade jumps [6] and, in fact, is a general phenomenon in a system with different types of fluxes.
One can rewrite h(r) in the form
Performing the following change of coordinates
we can put the metric and B 2 into the form
10)
Note that the scalar curvature is
and no matter how small L 2 /α ′ ∼ g s M is, α ′ R can be made very small at large t. Thus, corrections to supergravity can be organized in inverse powers of g s M and t.
For N = 0 we recover the asymptotic large distance (τ ) form of the KS solution [6] ;
in this limit τ → 3t + 4 . Note that N eff (t) can be written in terms of L and g s as
Since F 3 and H 3 can be also expressed in terms of L (or M ) and g s , and 
theory has the following symmetry
The combination
is invariant under this transformation, and, therefore, it is natural to organize the expansion in powers of 1/(g s N ) and M/N . Let us define the pointt by the equation
Then in the vicinity of the point t eff =t + k 2π 3g s M such that
the gravity background describes the SU (N eff + M ) × SU (N eff ) gauge theory. 10 The background field strengths (curvatures) are small provided that g s N ≫ 1.
Following [4, 6, 8] we will now use the relations (3.3),(3.4) to extract the supergravity prediction for the scale dependence of the gauge couplings. Thus, we assume that (3.3),(3.4) are valid not only for constant dilaton and B 2 , but also when they are radially varying. Substituting the B 2 from (4.6) into (3.4) we find that [8] 
Thus, any point t eff , in particular,t, is also characterized by the requirement that the running gauge couplings g 1 (t) and g 2 (t) obey g 1 (t eff ) = g 2 (t eff ). In fact, due to the symmetry (4.14) even if we include all possible corrections to the dilaton and B 2 , there always exists such a point t eff that g 1 (t eff ) = g 2 (t eff ). It is not difficult to check by using (4.18) that at the point t 1 = t eff − π 3g s M the gauge coupling g 1 of the bigger gauge group diverges, and that at the point t 2 = t eff + π 3g s M the gauge coupling g 2 of the smaller gauge group does. These are the points where the RG cascade jumps occur.
Let us emphasize that the supergravity description is valid for large g s N eff even if g s M is very small. The separation between the cascade steps is ∆t = 2π 3g s M . Thus, there is a 10 With our definitions, N eff is automatically an integer. On the other hand, N eff (r) in (4.5) continuously varies with r. One may wonder how this continuous variation is consistent with the statement that the number of colors makes discrete jumps only at certain radii. We believe that N eff (r) can actually be interpreted as a measure of the number of degrees of freedom for all r. This is supported, for example, by the smooth temperature dependence of the Bekenstein-Hawking entropy for black holes embedded in the asymptotically KT geometry [34] . The logarithmic scale dependence of the effective number of colors in between the cascade jumps is presumably due to the interaction effects in the SU (N eff + M ) × SU (N eff ) gauge theory. It would be interesting to study it directly in the gauge theory.
range of parameters where the cascade jumps are far from each other, and the supergravity calculation of the β-function (4.18) may be compared with the NSVZ β-functions for the 20) where ∆ is the correction to the anomalous dimension γ of the operators TrA i B j :
One expects ∆ to scale as some even positive power of M/N [6] . Therefore, far in the UV where N becomes large due to the cascading phenomenon, ∆ naturally approaches zero.
Hence, the dominant running of the couplings in the UV is given by
If we identify t − t eff with log(Λ/µ) then the supergravity result (4.18) is in perfect agreement with the field theory expectations.
The main purpose of this paper is to find out where the effects of ∆ are encoded on the string theory side. We claim that these effects are provided precisely by the string higher derivative corrections to the supergravity action. In what follows we show that already the leading such correction makes the dilaton radius-dependent, in agreement with (4.19) which implies that
runs due to the presence of ∆.
String correction to the KT solution and RG Flow
To determine the leading α ′3 correction to the dilaton we have to take into account possible mixing between linearized fluctuations of all of the relevant supergravity modes.
In particular, we should expect that not only the dilaton but also the 2-form B 2 gets correction at this order.
To find the mixing we use the following ansatz for the deformed metric, B 2 and dilaton: 
Here the basis e i is the same as in [34] . The functions z, y, w, b, φ depending only on the radial coordinate t represent the relevant fluctuations around the KT solution. This ansatz preserves the symmetry between the two spheres.
A few explanatory comments are in order. It may seem that the choice of the metric in (5.1) is too special. In general, one may always make a choice of radial coordinate u so that a metric with required symmetries will be We are assuming that F 3 is not modified and F 5 is expressed through B 2 and F 3 by the standard formula (4.3). Indeed, it is easy to see that since F 3 has purely magnetic form, the mixed "Weyl tensor -R-R 3-form" term
does not modify the equation for C 2 (the metric is diagonal and has non-trivial dependence on t only). The same should be true for the terms depending on F 5 .
To find the linearized equations of motion for the fluctuations we need to find the quadratic action for the fluctuations which follows from the type IIB supergravity action plus terms linear in fluctuations which follow from the α ′3 string correction, i.e. from S 8 (2.2). The computation of the leading quadratic term in the supergravity Lagrangian (2.1)
is straightforward (prime denotes derivative with respect to t)
(5.4)
Adding the α ′3 correction term S 8 ≡ 1 2κ 2S8 in (2.2) and taking the variational derivative of the action with respect to the fields, we derive the following equations of motion for small perturbations: Substituting the asymptotics (5.11) into the equations of motion (5.5)-(5.9), we obtain
14) 
This formula may also be written as
Another expression for ∆ is found from (4.20):
To analyze these expressions note that
Since according to (5.11), φ ∼ φ 0 t −5/2 , b ∼ b 0 t −3/2 , where φ 0 and b 0 are proportional to
Thus, by using (5.22), we conclude that at large t eff and at order α 
M N

2
. A way to avoid contradiction is to assume that at order α ′3 the fluctuations b and φ satisfy the constraint
Then eq. (5.24) would imply the absence of corrections to this order. However, there are also higher order α ′5 corrections to the dilaton and B 2 , and it is easy to see that assuming that the α ′5 corrections scale at large t in such a way that without invoking the gauge field/string duality.
Concluding Remarks
In this paper we studied the leading stringy corrections to two different solutions of type IIB supergravity, interpreting our results in terms of dual gauge theories. We were able to use the gauge/gravity duality in both directions, sometimes using constraints from field theory as a way of predicting properties of the string effective action. background is exact to all orders in α ′ and g s . We suspect that this property is tied to the exactness of the conifold background.
Our paper also contains a much more ambitious calculation of leading string-theoretic corrections to the solution of [5] , which describes logarithmic RG flow and duality cascade in N = 1 supersymmetric SU (N + M ) × SU (N ) gauge theory. This calculation is made especially difficult by the fact that the complete structure of the O(α ′3 ) correction in the (tree-level) type IIB superstring effective action is not yet known. Nevertheless, we are able to demonstrate an interesting interplay between the NSVZ β-functions in field theory and the structure of stringy corrections. In fact, we may again turn the gauge/gravity duality around and use field theory to predict certain facts about the string theory effective action.
The most basic fact is the absence from the effective action of terms which scale as 1/t 3 at large t. If such a term were present, then agreement with the gauge/gravity duality would fail for this theory. We were able to check this prediction of gauge theory for string theory for all terms in the effective action from the NS-NS sector.
There were also more subtle predictions that we were unable to check completely, such as the relation (5.28) at order α ′3 . The latter implies a relation between the coefficients
We concluded also that corrections to φ − b ′ at the order α ′5 should be completely determined by corrections to φ at order α ′3 . We expect these relations to be consequences of the special structure of the string α ′3 correction to the effective action dictated by supersymmetry.
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Assuming that these properties hold, we are able to make a prediction for the correction ∆ to the anomalous dimension of Tr(A i B j ) in the gauge theory. The result is consistent with the expectation [6] that in field theory ∆ must have an expansion in powers of (M/N ) 2 : our supergravity analysis suggests that the leading term has the form (5.30). The normalization factor a 1 in this formula is proportional to ζ(3). It would be very interesting (but probably hard) to understand this string-theory prediction directly on field-theory side.
Some methods developed in this paper may have applications in other related contexts.
One may perform a similar study of leading α ′ corrections to the solutions considered in [35] . Our result (in Appendix A) about the absence of certain R 3 (H 3 ) 2 terms in the (R 4 + ...) superinvariant in type IIB 10-dimensional effective action may imply certain constraints on possible R 3 (F 4 ) 2 terms in the 11-dimensional effective action, and this may 11 The fact that there is only one anomalous dimension that enters the two NSVZ beta functions (r.h.s. of (4.19) and (4.20)) implies that there is a specific combination of the two gauge couplings (or of the dilaton and 2-form B 2 ) whose dependence on the scale (or r) is known exactly to all orders in the M/N expansion.
be important in the context of the discussions in [36, 37] . Thus, a complete determination of the 8-derivative corrections to the type II supergravity action should have many useful applications.
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corresponding 5-point terms in the effective action using the Green-Schwarz light-cone formulation of the superstring S-matrix [39] .
Since we shall use the light-cone gauge approach in its standard most straightforward form, i.e. assuming that the components of the polarization tensors vanish in the two light-cone directions, we shall not be able to determine a special class of terms that involve antisymmetrization of nine (or more) space-time indices, e.g.,
. 14 However, it is possible to check that precisely because such terms involve antisymmetrization of nine indices, they do not change our conclusion about the 1/t 4 scaling of the leading α ′3 corrections to our background.
In the notation of [40] the light-cone gauge vertex operators for the graviton h ij and the NS-NS 2-form b ij can be written as (i, j, ... = 1, ..., 8)
, and ∂ ± are derivatives over the world-sheet directions. Our aim is to study the structure of some tree-level 5-point massless scattering amplitudes involving the graviton and 2-form field. Following the logic similar to the one in [13] , we may use a short-cut argument. Due to the supersymmetry and the expected SL(2, Z) invariance of the "massless" type IIB superstring effective action, for α ′3 (R 4 + ...) terms in the tree-level effective action there should exist terms of the same structure in the one-loop effective action [41] . To get a nonzero one-loop amplitude one should saturate the integral over the fermionic zero modes -8 modes S 0 , and 8 modesS 0 . Thus, the 5-point amplitude 14 We are grateful to K. Peeters, P. Vanhove and A. Westerberg for pointing out to us the possible presence of such term in the (one-loop) type II effective action, as well as of the term t 8 t 8 R 3 H 2 which we missed in the first version of this paper [9] .
has to be given by a sum of the following terms
Here V ijkl is either R ijkl or p l H ijk , V ikl is either Γ ik,l or H ikl , and V ik is either h ik or b ik .
The tensor (t) 2m is defined as [40] (t)
where the trace is over the spinor zero modes of S. One can show [40] that (t) 8 = t 8 − 1 2 ǫ 8 , where t 8 is given by the sum of products of the δ-symbols.
Since the light-cone set-up is essentially 8-dimensional, it does not actually allow one to determine the presence of, e.g., the ǫ 8 ǫ 8 RRRR term in the action directly, since this term is a total derivative in 8 dimensions to all orders in the graviton expansion. In general, fixing the 8-derivative 5-point terms depending on ǫ 8 , i.e. ǫ 8 ǫ 8 R 3 H 2 or ǫ 8 t 8 R 3 H 2 , is subtle in the light-cone formulation (in particular, because of possible contact terms needed for space-time supersymmetry [42] ). For this reason, we will only determine the terms with the t 8 t 8 tensor structure.
It is understood that the trace of the operators e ip a X a w L 0wL0 andẊ
is taken over the nonzero modes of X L , X R , S,S. To analyze the contribution of the second and third terms to the 5-point amplitude we note that due to the SO(8) invariance (ii)
This term is of the form R n (∇H) 4−n ∂Γ or R n (∇H) 3−n HΓ, and the reparametrization invariance again requires that it contributes either to the term R n (∇H) 4−n or to a term of the form We conclude that, contrary to the earlier expectation [26] , there is no term of the form (2.10),(2.11) in the effective action but there is still a t 8 t 8 R 3 H 2 term with H 2 given by (2.12). The presence of such a term is demonstrated using the NSR formalism in the forthcoming paper [9] , to which we refer for the details of the covariant form of the R 3 H 2 part of the 1-loop type IIB(A) string effective action.
Using similar considerations it may be possible to rule out most of the higherdimensional terms of the form R n H k where all H 3 factors are not covered by derivatives.
16 15 We use a shorthand notation ∂Γ to denote ∂ k Γ ki,j , where the derivative ∂ k may act on any of the fields in R n (∇H) 3−n ∂Γ∂Γ. 16 Naively, one could expect [26] 
Our aim is to compute the correction (2.2) in this case. We assume that all indices in (2.2) are tangent. A direct computation shows that the tensors appearing in (2.3) have the following t-dependence:
where the coefficients C
where the coefficients h
ijkl do not vanish only if two of the indices i, j, k, l take values from 6 to 9, and the other two indices take values from 1 to 6;
where the coefficients p This t-dependence shows that if there were no cancellations, the C 4 and C 3 ∇ 2 φ terms would scale at large t as 1/t 2 , and the terms
scale as 1/t 3 .
in each factor in (2.3). This is motivated by the condition that the corrections to equations of motion should vanish for a group space (WZW model). However, it is easy to see that sigma model perturbation theory does not imply that all corrections to beta-functions and thus also the effective action should depend on H 3 only through the curvature of the generalized connection
H 3 (see e.g. [43, 19] ).
We will see, however, that due to a special structure of these α ′3 terms (related to the supersymmetry of the underlying IIB theory) when evaluated on the KT solution they scale as 1/t 4 . The first variations of these terms with respect to the fluctuations y, z, w scale as 1/t 3 . Taking into account that
we find that the variational derivatives of S 8 are indeed given by (5.10). It is also not difficult to compute the terms in W which are linear in fluctuations
where we kept only terms that are leading at large t. These terms give contributions to the equations of motion for y, z, w which are of order t −5/2 . Again, in the limit L → 0, t ∼ 1/L 4 these terms vanish.
Computing C 3 ∇ 2 φ by using the simplified formula (2.8), we find that all the terms with the 1/t 2 scaling cancel. There are still two terms that scale as 1/t
It is easy to see, however, that being integrated over t with the measure √ −g = L 10 e 4t √ t, these two terms cancel each other, and the leading contribution to the dilaton equation of motion is of order t −7/2 , as it was the case for the C 4 term. Here Z 0 are trace terms, and the fundamental invariants are defined as T . When C = C T the above relations reduce to the ones given in [21, 22] .
First, we discuss the term C 2 (∇H) 2 . Since we want to show that it does not contribute to the order 1/t 3 it is sufficient to consider the terms in C ijkl that scale as t −1/2 , and the terms in (∇H) ijkl that scale as t −1 . As was mentioned above, in this case C ijkl do not vanish only if i, j, k, l = 6, 7, 8, 9, and (∇H) ijkl do not vanish only if two of the indices i, j, k, l take values from 6 to 9, and the other two indices take values from 1 to 6. Moreover, in any of the pairs i, j or k, l one of the indices takes values from 6 to 9, and the other takes values from 1 to 6. For this reason, we find that the ǫ 10 ǫ 10 term vanishes. The t 8 t 8
term has to be computed by using (B.11), and also gives zero. It is worth noting that in this consideration we have not assumed that the fluctuation b of B 2 vanishes. Thus, this term gives contributions of order t −7/2 to both the equations of motion for the φ and b.
To show that C(∇H) 2 ∇ 2 φ does not contribute to the order 1/t 3 , we take C ijkl and As was explained above, it leads to a contribution of order t −7/2 to the dilaton equation of motion. This is of the same order as the contribution due to the C 4 term.
In [9] and in Appendix A it was shown that there are certain terms of the form (t 8 t 8 + 
18
Thus, we see that special properties of the 8-derivative corrections to the type IIB effective action lead to a number of cancellations when evaluated on the KT background.
These cancellations are needed for consistency with the RG flow in the dual field theory. 18 Though we have proved in Appendix A that the term (2.10) is not present in the effective action, we have checked that it also starts with 1/t 4 .
